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Abstract Background Pregnancy is an immunocompromised state and, for this reason, a
pregnant woman is at a higher risk of getting infected as compared with a healthy
individual. There is limited data available regarding the impact of COVD-19 on
pregnancy; however, the case of miscarriage due to placental infection caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in second trimester has
already been reported.

Methods We searched for all published articles in PubMed, Science Direct, Cochrane,
Scopus, and Embase. The literature search produced 167 relevant publications; 67
manuscripts were further excluded because they did not satisfy our inclusion criteria.
Out of the remaining 100 articles, 78 were excluded after full text screening. Therefore,
a total of 22 articles were eligible for review in our study.

Results Overall, these 22 studies included a total of 7,034 participants: 2,689
(38.23%) SARS-CoV-2 positive pregnant women, of which 2,578 (95.87%) were
laboratory confirmed and 111 (4.13%) were clinically diagnosed. Among the positive
patients, there were 174 (6.47%) cases of abortion, of them 168 (96.55%) were
spontaneous abortions and 6 (3.45%) were missed. Most patients either reported mild

Keywords
= coronavirus

= COVID-19 symptoms of fever, cough, fatigue, and anosmia or they presented asymptomatic.
= pregnancy loss Conclusion Additional investigation and rigorous research are warranted to confirm
= abortion placental pathology mechanisms concerning COVID-19 to protect maternal and fetal

= pregnancy health.

published online
November 15, 2021

DOI https://doi.org/
10.1055/s-0041-1736540.
ISSN 2231-0770.

© 2021. Syrian American Medical Society. All rights reserved.

This is an open access article published by Thieme under the terms of the
Creative Commons Attribution-NonDerivative-NonCommercial-License,
permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India


https://orcid.org/0000-0002-3868-7720
https://orcid.org/0000-0002-7529-4109
https://orcid.org/0000-0001-6209-9809
https://orcid.org/0000-0003-4449-4850
https://orcid.org/0000-0002-0726-6923
mailto:arjolamusta@hotmail.com
https://doi.org/10.1055/s-0041-1736540
https://doi.org/10.1055/s-0041-1736540

Fetal Complications in COVID-19 Infected Pregnant Women

Introduction

COVID-19 infection is spread by respiratory droplets and is
highly contagious.! It was first reported in Wuhan, China in
December 2019 and the COVID-19 pandemic was declared
by the World Health Organization on March 11, 2020.?
COVID-19 enters the body via the nasal passage and infects
pulmonary cells via the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) receptor angiotensin-convert-
ing enzyme 2 (ACE2) and uses transmembrane serine prote-
ase 2 (TMPRSS2) for S protein priming.? Infection with SARS-
CoV-2 is followed by viral replication and release of the virus,
causing pyroptosis (inflammation-mediated programmed
cell death occurring in response to a pathological stimulus).4
Coronavirus is enveloped, nonsegmented, positive-sense
ribonucleic acid usually causing respiratory distress in the
infected patient.” However, evidence shows that coronavirus
can cause harmful clinical effects on a wide spectrum of
bodily systems. Since pregnancy is an immunocompromised
state, a pregnant woman is at a higher risk of getting infected
as compared with a healthy individual." The modulations of
the maternal immune system in pregnancy may affect the
response to infections, and specifically to viruses.®

Mechanisms of damages of COVID-19 during pregnancy
could be: a decrease in circulating natural killer (NK) cells’;
increased progesterone hormone as a steroid hormone that
has immunomodulatory propertiess; alterations in the innate
immune system, including the pattern recognition receptors
Toll-like receptors (TLRs)®; a shift in CD4+ T cell population
toward the Th2 phenotype over Th1'%; also pregnancy is a
hypercoagulable state with increased thrombin production
and an increase in intravascular inflammation''; and the
current reports indicate clinical manifestations of both wide-
spread microvascular as well as large vessel thrombosis in
patients infected with COVID-19.'% But the fetal damages are
explained by SARS-CoV-2 found on reverse transcription-
polymerase chain reaction of swabs and biopsies following a
spontaneous fetal loss at 19-week gestation'> and in placental
and umbilical cord biopsies.'* Mechanisms of viral invasion of
the placenta have yet to be established.

Outcomes in pregnant women with SARS-CoV-2 infection
appear less severe compared with SARS and Middle East
respiratory syndrome.'® American Centers for Disease Con-
trol states that although hospitalization in the intensive care
unit of COVID-19 affected pregnant patient is higher than
nonpregnant, the mortality rate is similar to other nonpreg-
nant patients. Since there is evidence that COVID-19 affects
blood coagulation factors, it has the potential of adverse
effect on pregnancy, particularly with the inherent hyperco-
agulability of gestation.? There had been a systematic review
of published reports on COVID-19 which reported higher
rates of preterm birth, preeclampsia, and perinatal death.
The lack of data on spontaneous abortion due to COVID-19 in
the first trimester prevents the inference of conclusive evi-
dence for the effects of this infection during early pregnancy.
But due to the scarcity of reliable data and misreporting of
the information by the media has led pregnant women to
take drastic choices such as voluntary abortion.> The wide
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range of COVID-19 symptoms, high rate of asymptomatic
forms, and poor accuracy of nasopharyngeal swab testing
have been the main barriers for understanding the preva-
lence of its infection and impact on a pregnant woman and
the fetus.” Though we are aware that many viral infections
are harmful to the fetus during the first trimester of preg-
nancy, what is the impact of COVID-19 on the fetus of the first
trimester is still unknown.” There was a lack of study and
reliable data to find the effect of COVID-19 on the first
trimester and second trimester; however, there were some
case reports of newborns with fetal distress requiring inten-
sive care unit and stillbirth of COVID-19 affected pregnant
women in the third trimester suggesting the possibility of
pathology related to the placenta.'® According to Yan et al, a
retrospective study where 116 pregnant women were in-
cluded resulted that SARS-CoV-2 infections during pregnan-
cy is not associated with an increased risk of spontaneous
abortion and spontaneous preterm birth. There is no evi-
dence of vertical transmission of SARS-CoV-2 infection when
the infection manifests during the third trimester of preg-
nancy.'’ The same conclusion was reported by the Cosma
et al case-control study where 225 women were studied.
COVID-19 did not seem to predispose to early pregnancy
loss; its cumulative incidence did not show a difference
between women with spontaneous abortion and women
with ongoing pregnancy. COVID-19 appears to have a favor-
able maternal course at the beginning of pregnancy, consis-
tent with what has been observed during the second and
third trimesters.” In the Baud et al case report, the miscar-
riage during the first trimester due to SARS-CoV-2 infection
appears related to placental infection as no other cause of
miscarriage was identified. Limited data are available re-
garding the impact of COVD-19 on pregnancy; however, the
case of miscarriage due to placental infection caused by
SARS-CoV-2 in the second trimester has already been
reported more than once.'®'® An increasing number of
miscarriage cases were reported during this pandemic.
These cases of missed miscarriages were diagnosed clinically,
supported by ultrasonographic evidence, before being diag-
nosed with COVID-19 infection. This could happen even in
those cases where the patients were relatively asymptomatic
or manifested mild symptoms of COVID-19 infection. How-
ever, the cause of the miscarriage was unknown, and SARS-
CoV-2 infection as the causal factor could not be completely
ruled out.'” The position for pregnant women on this
spectrum is unclear. The immune system adapts during
pregnancy to allow for the growth of a semiallogenic fetus.?°

Since December 2019 (when the pandemic started), sev-
eral case studies and cohort studies have described the
presentation and clinical course of COVID-19 in pregnancy.
Therefore, the main aim of this study is to understand the
role of COVID-19 infection in causing pregnancy complica-
tions specifically fatal outcomes.

Methods

This literature review is done for the period January 1, 2020
up to July 2021. We searched for articles in PubMed, Science
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Direct, Cochrane, Scopus, and Embase. We used the following
search terms “Pregnancy complications and/or COVID-19”
and/or Fetal complications and/or SARS-CoV-2 and/or Preg-
nancy Complications and/or SARS-CoV-2. The search terms
were kept broad to encompass all possibilities for applicable
studies. Only articles published in the English language were
included. Duplicates were removed manually. After elimi-
nating duplicates, three investigators (D.S., R.A., and 0.A.)
independently reviewed all titles and abstracts. The full texts
of articles regarded as potentially eligible for consideration
were extracted and screened for further analysis. Thereafter,
eligible articles were selected for final analysis according to
predefined inclusion and exclusion criteria. Disagreements
between the authors were resolved through consensus and
active discussion. The exclusion criteria consisted of review
articles, animal studies, elective abortion, studies published
in a language other than English, and the absence or unclear
reporting of pregnancy complication status in COVID-19
pregnant patients.

Results

The literature search produced 90 relevant publications in
the PubMed database, 5 on ScienceDirect, and 72 on Scopus,
and no results of Embase or Cochrane. All Google Scholar’s
results were repeated. After reviewing 167 articles manually
by abstract screening, 67 manuscripts were further excluded
because they did not satisfy our inclusion criteria. Out of the
remaining 100 articles, 78 were excluded after full text
screening. Therefore, 22 articles were eligible for review in
our study. Details of included studies are listed in the table.
The majority of papers arose from Asia. Of all of the studies
included, 4 were case series reports, 6 case reports, 7 cohort
studies, 4 cross-sectional, and 1 case-control study. Please
find the information on all fatal outcome pregnancies
reported in the literature that we included in our final
quantitative analysis in =Table 1.

Overall, these 22 studies included a total of 7,034 partic-
ipants: 2,689 (38.23%) SARS-CoV-2 positive pregnant wom-
en, of which 2,578 (95.87%) were laboratory confirmed and
111 (4.13%) were clinically diagnosed. The clinical symptoms
among pregnant women with laboratory-confirmed SARS-
CoV-2 infection are presented in the table.

Symptoms
Symptoms most commonly reported were four: fever, cough,
fatigue, and anosmia. Out of 3,512 patients, 15.19% had
fever,>16-18.22-24,26-28,30.31 gyt of 2,155, 28.19% presented
with a cough and 16.6% developed fatigue from 307
cases.>16:17.19.22-24,26-28.3031 ajso from 2,360 cases, 4.32%
reported anosmia.>'6-18:24.26.27.30 gjy  studies reported
asymptomatic patients with COVID-19, so 34.3% from
1,892 cases.'9232426.28 There were three studies in which
89.11% reported mild disease of COVID-19,2426.28

Only one study compared clinical symptoms between
COVID-19 positive early pregnancy loss and pregnant group
during the first trimester: fever, anosmia, ageusia, cough,
arthralgia, diarrhea, and no cases of pneumonia were
Vol. 11
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reported. Also, was noted no difference in the incidence of
symptoms between the two groups.’

Vertical Transmission of SARS-COV-2 and Spontaneous
Abortion

Martinez-Perez et al observed a significant increase in the
stillbirth rate in the univariate analysis. It is an important
point to highlight that two case reports confirmed positive
SARS-CoV-2 in placental tissue samples and amniotic flu-
id.3437 Among the positive patients, there were 174 (6.47%)
cases of abortion, of them 168 (96.55%) were spontaneous
abortions and 6 (3.45%) were missed abortions. Comparing
to United States 2021 abortion rate, which is reported as
20.8%,3® there were also four cases of induced abortion
owing to patient’s concerns about COVID-19 and two cases
of ectopic pregnancy. We have excluded these 6 cases from
the analysis. Otherwise, three studies reported the use of
lopinavir-ritonavir as therapy, so 6.23% of 593 cases.?'+283

Assessment of Study Quality

For the quality assessment of included studies the New-
castle-Ottawa Scale was employed to ascertain the quality of
studies by two reviewers (D.S.) and (R.A.). They indepen-
dently assessed the methodologic quality of each study
included: 7 cohort studies, 4 cross-sectional, and 10 obser-
vational studies were evaluated for the following three
domains: quality of selection of cohorts (4 stars), compara-
bility of cohorts (2 stars), and assessment of outcome (3
stars). One case-control study was assessed for quality of
selection of cases and controls (4 stars), comparability of
cases and controls (2 stars), and ascertainment of exposure
(3 stars). We considered a total of 7 out of 9 stars to be a low
risk of bias, 4 to 6 stars to be a moderate risk, and less than 4
stars to be a high risk of bias. In case of a disagreement,
reviewers reached consensus by discussion with a third
reviewer. The risk of bias assessment is shown in =Table 2.

Discussion

SARS-CoV-2 Complicates the Pregnancy Utilizing ACE2
Receptor and Consequent Activation of the TMIPRSS2
Enzyme

Coronavirus disease’s clinical spectrum can range from
asymptomatic presentation to pneumonia, heart failure,
kidney injury, and eventually death. The SARS-CoV-2 utilizes
the ACE2 receptor and consequent activation of the TMPRSS2
enzyme to gain entry into host cells and trigger an exagger-
ated inflammatory response via the release of cytokines
(“cytokine storm”). These results in a severe form of
COVID-19 infection which is associated with increased mor-
tality and morbidity. An intact immune system is responsible
for clearing infected cells and preventing further replication
of the virus. A weakened immune system in pregnancy
impacts viral clearance and therefore increases the suscepti-
bility to develop an infection with SARS-CoV-2. Factors such
as a preference of the humoral response over the cell-
mediated response, a decrease in circulating NK cells, and
alterations in the immune system and pattern recognition

© 2021. Syrian American Medical Society. All rights reserved.
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receptors such as the TLRs result in a decreased response
to coronavirus disease.””'%3° During pregnancy, the pres-
ence of a fetus alters respiratory function as there is an
increase in tidal volume, decreased functional residual
capacity due to a reduction in chest volume, and a reduction
in the total lung capacity. A reduced total lung capacity
impairs the lung’s ability to clear infections, therefore in-
creasing the susceptibility to develop severe respiratory
secretions.>®

Miscarriage Likely Occurred due to Placental
Abruption and Maternal Preeclampsia with
Thrombocytopenia and Coagulopathy

Pregnant women demonstrated enhanced levels of the
ACE 2 receptors on organs, such as the placenta, uterus,
and kidneys, to allow for proper fetal growth and regula-
tion of angiotensin-II levels. This high expression of ACE2
reveals that the SARS-CoV-2 virus can potentially infect
the placenta and result in placental dysfunction and
severe pregnancy complications.*® Wong et al discuss
two cases of first trimester miscarriages in pregnant
mothers infected with COVID-19. Although SARS-CoV-2
follows vertical transmission and interacts with fetal
ACE2 receptors resulting in fetal death and abortion,
the two patients in the study by Wong et al reported
no signs of vertical transmission. Reports indicate that
the spontaneous miscarriage in both these patients
resulted from SARS-related hypoxic respiratory illness.®
In addition, Wastnedge et al discuss a series of case
reports studying the placentas of pregnant women
infected with COVID-19 sustaining miscarriage in
the second trimester. A high number of SARS-CoV-2
receptors were expressed in the placental and umbilical
cord biopsies in these patients. Reports indicate that the
miscarriage likely occurred due to placental abruption
and maternal preeclampsia with thrombocytopenia and
coagulopathy. Also, electron microscopy in these patients
revealed particles of the virus in the cytosol of placental
cells.>® In addition, Poisson and Pierone’s case report
indicates extensive fetal vascular malperfusion and pa-
renchymal infarcts resulting in a severe loss of a signifi-
cant percentage of chorionic villi in the placental
examination.*!

Chowdhury et al’s study evaluate 12 cases of miscarriage,
diagnosed by an ultrasound scan, at 11 weeks or more due
to COVID-19 from March 2020 to July 2020 in a single
hospital in Dhaka, Bangladesh. The miscarriage was sup-
posed to be due to SARS-CoV-2 virus-induced damage of
the placental barrier via hypoxemia. The miscarriage
resulted from viral damage and the consequent induction
of a placental inflammatory reaction, acute chorioamnio-
nitis, and intervillous." Yet, the effect sizes of all of these
studies are too small to statistically conclude that the SARS-
CoV-2 virus is the main culprit in causing miscarriages in
pregnant women.

As discussed earlier, SARS-CoV-2 utilizes the ACE2
and the resultant activation of the TMPRSS2 enzyme to
gain entry into host cells leading to the coronavirus disease.

Avicenna Journal of Medicine
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COVID-19 Infection in Pregnant Women May More
Likely Cause Late Pregnancy Complications and
Vertical Transmission

However, overall, evidence reported so far regarding COVID-
19 infection and pregnancy demonstrates that the TMPRSS2
enzyme may only be expressed after 24 weeks of pregnancy
and only in the extravillous trophoblast. As a result, COVID-
19 infections in pregnant women may more likely cause late
pregnancy complications and vertical transmission as op-
posed to problems in the first trimester, such as spontaneous
or missed abortions. Furthermore, the mild increase in the
spontaneous or missed abortions rate may not be because of
the SARS-CoV-2 virus itself but due to individual’s intense
physical and mental stresses from the pandemic. These
stressors then cause a release of large amounts of cortisol,
which could potentially affect the pregnancy, especially in
the early trimester. Yet, at this time, there is limited data
available regarding the vertical transmission of SARS-CoV-2
infection. Although recent studies have reported cases of
anti-SARS-CoV-19 immunoglobulins in newborns, there are
limitations, such as the lack of placental and amniotic fluid
examination.*?

Pregnancy is a vulnerable period, particularly the early
period; therefore, it is essential to be vigilant and provide the
best maternal care to ensure successful maternal and fetal
outcomes. However, as the COVID-19 pandemic is still in
progress worldwide, it is vital to assess more extensive
studies from a wide range of patient populations and health
care settings.

Lessons Learned

One of the main crucial lessons learned from conducting this
comprehensive literature review is that the early pregnancy
complications, such as spontaneous or missed abortions,
may not have been increased by the COVID-19 infection.
As demonstrated by a few studies, the main reason for an
increased rate of spontaneous or missed abortions, if any, is
due to the environment of the pandemic itself, affecting
health care quality and access.*> As a result, this increased
rate was mainly observed in minority populations, such as
African American populations, where there already exists a
severe health care disparity.*> Thus, to effectively lower the
rate of fatal fetal complications in COVID-19-infected preg-
nant women and maternal mortality, it is best to address the
public health aspect of the COVID-19 pandemic instead of
clinical management of COVID-19 itself.

Strengths
We conducted a sensitive and comprehensive search strategy
to reduce the risk of missing relevant studies. We adhered to
rigorous quality appraisal, which was independently
assessed by pairs of reviewers and discrepancies solved by
consensus.

Limitations

Our literature search was restricted to publications in En-

glish. Although we included a comprehensive number of
Vol. 11
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outcomes, we cannot rule out the possibility that some
associations were spurious.

Conclusion

In conclusion, many current studies included in our compre-
hensive literature review have shown that there is no in-
creased risk of fetal fatal outcomes in pregnant women
infected with COVID-19 infection. Pregnant patients can
present with mild disease symptoms such as fever, cough,
fatigue, and anosmia. However, almost half of the infected
pregnant women were asymptomatic. The expressions of the
TMPRSS2 enzyme are higher during the third trimester.
There is a theoretical possibility of an increased risk of late
pregnancy complications and vertical transmission due to
the COVID-19 infection. Recent case reports indicate exten-
sive fetal vascular malperfusion and parenchymal infarction
resulting in a severe loss of a significant percentage of
chorionic villi in the placental examination. However, addi-
tional investigation and rigorous research are warranted to
confirm placental pathology mechanisms concerning
COVID-19 to protect maternal and fetal health.
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